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FIELD EFFECT TRANSISTOR DEVICE FOR ULTRA-FAST NUCLEIC ACID SEQUENCING 



The present application claims benefit under 35 U.S.C. § 1 1 9(e) of a provisional U.S. 
Patent Application of Jon R. Sauer et al. entitled "Ultra-Fast, Semiconductor-Based Gene 
Sequencing", Serial No. 60/199,130, filed April 24, 2000, and of a provisional U.S. Patent 
Application of Bart Van Zeghbroeck et al. entitled "Charge Sensing and Amplification 
Device for DNA Sequencing", Serial No. 60/217,681, filed July 12, 2000, and claims benefit 
under 35 U.S.C. § 120 of a non-provisional U.S. Patent Application of Jon R. Sauer et al. 
entitled "An Ultra-Fast Nucleic Acid Sequencing Device and a Method for Making and Using 
the Same", Serial No. 09/653,543, filed August 31, 2001, the entire contents of both of said 
provisional applications and said non-provisional application being incorporated herein by 
reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention : 

The present invention relates to a system and method employing a semiconductor 
device having a detecting region for identifying the individual mers of long-chain polymers, 
such as carbohydrates and proteins, as well as individual bases of deoxyribonucleic acid 
(DNA) or ribonucleic acid (RNA), and a method for making the semiconductor device. More 
particularly, the present invention relates to a system and method employing a semiconductor 
device, similar to a field-effect transistor device, capable of identifying the bases of a 
DNA/RNA strand to thus enable sequencing of the strand to be performed. 
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Another method of sequencing is known as gel electrophoresis. In this technology, 
the DNA is stripped down to a single strand and exposed to a chemical that destroys one of 
the four nucleotides, for example A, thus producing a strand that has a random distribution of 
DNA fragments ending in A and labeled at the opposite end. The same procedure is repeated 
for the other three remaining bases. The DNA fragments are separated by gel electrophoresis 
according to length. The lengths show the distances from the labeled end to the known bases, 
and if there are no gaps in coverage, the original DNA strand fragment sequence is 
determined. 

This method of DNA sequencing has many drawbacks associated with it. This 
technique only allows readings of approximately 500 bases, since a DNA strand containing 
more bases would "ball" up and not be able to be read properly. Also, as strand length 
increases, the resolution in the length determination decreases rapidly, which also limits 
analysis of strands to a length of 500 bases. In addition, gel electrophoresis is very slow and 
not a workable solution for the task of sequencing the genomes of complex organisms. 
Furthermore, the preparation before and analysis following electrophoresis is inherently 
expensive and time consuming. Therefore, a need exists for a faster, consistent and more 
economical means for DNA sequencing. 

Another approach for sequencing DNA is described in U.S. Patent Nos. 5,795,782 and 
6,015,714, the entire contents of which are incorporated herein by. reference. In this 
technique, two pools of liquid are separated by a biological membrane with an alpha 
hemolysin pore. As the DNA traverses the membrane, an ionic current through the pore is 
blocked. Experiments have shown that the length of time during which the ionic current 
through the pore is blocked is proportional to the length of the DNA fragment. In addition, 
the amount of blockage and the velocity depend upon which bases are in the narrowest 
portion of the pore. Thus, there is the potential to determine the base sequence from these 
phenomena. 

Among the problems with this technique are that individual nucleotides cannot, as yet, 
be distinguished. Also, the spatial orientation of the individual nucleotides is difficult to 
discern. Further, the electrodes measuring the charge flow are a considerable distance from 
the pore, which adversely affects the accuracy of the measurements. This is largely because of 
the inherent capacitance of the current-sensing electrodes and the large statistical variation in 
sensing the small amounts of current. Furthermore, the inherent shot noise and other noise 
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two doped regions, and the detecting region can pass a current between the two doped regions 
in response to a presence of the component proximate to the detecting region. 

The above and other objects of the invention are also substantially achieved by 
providing a method for detecting at least one polymer, comprising the steps of positioning a 
portion of the polymer proximate to a detecting region of at least one semiconductor device, 
and detecting at the detecting region a charge representative of a component of the polymer 
proximate to the detecting region. The component can include a base in a nucleic acid strand, 
so that the detecting step detects a charge representative of the base. The method further 
comprises the step of generating at die detecting region a signal representative of the detected 
charge. The detecting region can include a region of the semiconductor device defining a 
recess in the semiconductor device, or an opening in the semiconductor device having a 
cross-section sufficient to enable the polymer to enter the opening, so that the detecting step 
detects the charge of the component in the recess or opening. Furthermore, the 
semiconductor device can further include at least two doped regions, so that the method can 
further include the step of passing a current between the two doped regions in response to a 
presence of the component proximate to the detecting region. 

The above and other objects of the invention are further substantially achieved by 
providing a method for manufacturing a device for detecting a polymer, comprising the steps 
of providing a semiconductor structure comprising at least one semiconductor layer, and 
creating a detecting region in the semiconductor structure, such that the detecting region is 
adapted to detect a charge representative of a component of the polymer proximate to the 
detecting region. The component can include a base in a nucleic acid strand, and the 
detecting region can be created to detect a charge representative of the base in the nucleic acid 
strand. The method can further include the step of creating a recess in the semiconductor 
structure, or creating an opening in the semiconductor structure having a cross-section 
sufficient to enable a portion of the polymer to pass therethrough, and being positioned in 
relation to the detecting region such that the detecting region is adapted to detect the charge 
representative of the component in the recess or opening. The method can further include the 
step of forming an insulating layer on a wall of the semiconductor layer having the opening to 
decrease the cross-section of the opening. Furthermore, the method can include the step of 
creating at least two doped regions in the semiconductor layer which are positioned with 
respect to the detecting region such that the detecting region is adapted to pass a current 
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Figure 9 illustrates a cross-sectional view of the SOI substrate shown in Figure 7 
having an oxidation layer formed on the silicon layer and on the walls forming the opening 
therein; 

Figure 10 illustrates a top view of the SOI substrate as shown in Figure 9; 

Figure 1 1 illustrates a detailed cross-sectional view of the SOI substrate shown in 
Figure 7 having an oxidation layer formed on the silicon layer and on the walls forming the 
opening therein; 

Figure 12 illustrates a top view of the SOI substrate shown in Figure 1 1 ; 

Figure 13 illustrates a detailed cross-sectional view of an exemplary configuration of 
the opening in SOI substrate shown in Figure 7; 

Figure 14 illustrates a top view of the opening shown in Figure 13; 

Figure 15 illustrates a cross-sectional view of the SOI substrate as shown in Figure 9 
having holes etched in the oxidation layer and metal contacts formed over the holes to contact 
the shallow and deep n-type regions, respectively; 

Figure' 16 illustrates a cross-sectional view of the DNA or RNA sequencer shown in 
Figure 1 having been fabricated in accordance with the manufacturing steps shown in Figures 
4-15; 

Figure 17 illustrates a top view of a DNA or RNA sequencer having multiple 
detectors formed by multiple n-type regions according to another embodiment of the present 
invention; 

Figure 18 illustrates a cross-sectional view of a DNA or RNA sequencer according to 
another embodiment of the present invention; 

Figure 19 illustrates a cross-sectional view of a DNA or RNA sequencer according to 
a further embodiment of the present invention; 

Figure 20 illustrates a cross-sectional view of a DNA or RNA sequencer according to 
a further embodiment of the present invention; and 

Figure 21 illustrates a top view of the DNA or RNA sequencer shown in Figure 20. 
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strands into opening 1 18 of the nucleic acid sequencing device 102. That is, the nucleic acid 
strands 1 1 1 move through the opening 118 because of the local gradient. Alternatively or in 
addition, the liquid can include an ionic solution. In this event, the local gradient causes the 
ions in the solution to flow through the opening 118, which assists the nucleic acid strands 
111, such as DNA or RNA, to move through the opening 1 1 8 as well. 

Additional electrodes 113 and 115 positioned in the medium 110 and connected to 
additional voltage sources 1 17 and 121 would further facilitate the movement of the nucleic 
acid strands towards the opening 1 18. In other words, the external electrodes 1 13 and 1 15 are 
used to apply an electric field within the medium 110. This field causes all of the charged 
particles, including the nucleic acid strand 1 1 1 , to flow either toward the opening 1 1 8 or away 
from the opening 118. Thus electrodes 1 13 and 1 15 are used as a means to steer the nucleic 
acid strands 1 1 1 into or out of the opening 1 18. In order to connect voltage sources 1 12 and 
117 to the nucleic acid sequencer 102, metal contacts 123 are coupled to the n-type doped 
region 128 and 130, described in more detail below. The electrodes 113 and 115 could also 
provide a high frequency voltage which is superimposed on the DC voltage by an alternating 
voltage source 125. This high frequency voltage, which can have a frequency in the radio 
frequency range, such as the megahertz range (e.g., 10 MHz), causes the nucleic acid strand 
111 and ions to oscillate. This oscillation makes passage of the nucleic acid strand 111 
through the opening 118 smoother, in a manner similar to shaking a salt shaker to enable the 
salt grains to pass through the openings in the shaker. Alternatively, a device 127, such as an 
acoustic wave generator, can be disposed in the liquid 1 10 or at any other suitable location, 
and is controlled to send sonic vibrations through the device 102 to provide a similar 
mechanical shaking function. 

As can be appreciated by one skilled in the art, the nucleic acid strands each include 
different combinations of bases A, C, G and T, which each contain a particular- magnitude and 
polarity of ionic charge. The charge gradient between drain and source regions 104 and 106, 
or otherwise across the opening 118, will thus cause the charged nucleic acid strands to 
traverse the opening 118. Alternatively, another voltage source (not shown) can be used to 
create a difference in voltage potential between the opening 118 and the liquid. Also, a 
pressure differential can be applied across the opening 1 18 to control the flow of the DNA 
independent from the voltage applied between the source and drain 104 and 106. 
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in the microampere (jiA) range, which is a multiplication factor of 10 6 greater than the ion 
current flowing through the opening 118, which is in the picoampere range. A calculation of 
the electrostatic potential of the individual bases shows the complementary distribution of 
charges that lead to the hydrogen bonding. For example, the T-A and C-G pairs have similar 
distributions when paired viewed from the outside, but, when unpaired, as would be the case 
when analyzing single-stranded DNA, the surfaces where the hydrogen bonding occurs are 
distinctive. The larger A and G bases are roughly complementary (positive and negative 
reversed) on the hydrogen bonding surface with similar behavior for the smaller T and C 
bases. 

Accordingly, as the DNA strand passes through opening 118, the sequence of bases in 
the strand can be detected and thus ascertained by interpreting the waveform and magnitude 
of the induced current detected by current meter 114. The system 100 therefore enables DNA 
sequencing to be performed in a very accurate and efficient manner. 

Since the velocity of the electrons in the channel 119 is much larger than the velocity 
of the ions passing through the opening, the drain current is also much larger than the ion 
current through the opening 118. For an ion velocity of 1 cm/s and an electron velocity of 10 6 
cm/s, an amplification of 1 million can be obtained. 

Also, the presence of a DNA molecule can be detected by monitoring the current I P 
through the opening 118. That is, the current I P through the opening reduces from 80 pA to 4 
pA when a DNA molecule passes through the opening. This corresponds to 25 electronic 
charges per microsecond as the molecule passes through the opening. 

Measurement of the device current rather than the current through the opening has the 
following advantages. The device current is much larger and therefore easier to measure. The 
larger current allows an accurate measurement over a short time interval, thereby measuring 
the charge associated with a single DNA base located between the two n-type regions. In 
comparison, the measurement of the current through the opening has a limited bandwidth, 
limited by the shot-noise associated with the random movement of charge through the 
opening 118. For example, measuring a lpA current with a bandwidth of 10 MHz yields a 
noise current of 1.8 pA. Also, the device current can be measured even if the liquids on both 
sides of the opening 118 are not electrically isolated. That is, as discussed above, the 
Sequencing device 102 is immersed in a single container of liquid. Multiple sequencers 102 
can thus be immersed in a single container of liquid, to enable multiple current measurements 
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lithography or any other fine-line lithography, which results in an opening having a diameter 
of about 10 nm. As shown in Figure 9, the diameter of the opening can be further decreased 
by oxidizing the silicon, thus forming a silicon dioxide layer 136 over the p-type silicon layer 
126 and the walls forming opening 118. This oxidation can be formed by thermal oxidation 
. of the silicon in an oxygen atmosphere at 1000°C, for example. As shown in detail in Figs. 
11 and 12, the resulting oxide has a volume larger than the silicon consumed during the 
oxidation process, which further narrows the diameter of opening 118. It is desirable if the 
diameter of opening 118 can be as small as 1 nm. 

Although for illustration purposes Figs. 1, 2 and 3-9 show opening 118 as being a 
cylindrically-shaped opening, it is preferable for opening 118 to have a funnel shape as 
shown, for example, in Figs. 13 and 14. This funnel-shaped opening 118 is created by 
performing V-groove etching of the (100) p-type silicon layer 126 using potassium hydroxide 
(KOH), which results in V-shaped grooves formed along the (1 1 1) planes 138 of the p-type 
silicon 126. The V-shaped or funnel-shaped opening, as shown explicitly in Figure 14, 
facilitates movement of a DNA strand through opening 118, and minimizes the possibility 
that the DNA strand will become balled up upon itself and thus have difficulty passing 
through opening 118. Oxidation and V-groove etching can be combined to yield even smaller 
openings. Additionally, anodic oxidation can be used instead of thermal oxidation, as 
described above. Anodic oxidation has the additional advantage of allowing for monitoring 
of the opening size during oxidation so that the process can be stopped when the optimum 
opening size is achieved. 

Specifically, the opening 118 should be small enough to allow only one molecule of 
the DNA strand 1 1 1 to pass through at one time. Electron-Beam lithography can yield an 
opening 118 as small as 10 nm, but even smaller openings are needed. Oxidation of the 
silicon and V-groove etching as described above can be used to further reduce the opening to 
the desired size of 1-2 nm. Oxidation of silicon is known to yield silicon dioxide with a 
volume which is about twice that of the silicon consumed during the oxidation. Oxidation of 
a small opening 118 will result in a gradually reduced opening size, thereby providing the 
desired opening size V-groove etching of (100) oriented silicon using KOH results in V- 
grooves formed by (1 1 1) planes. KOH etching through a square Si0 2 or Si 3 N 4 mask results in 
a funnel shaped opening with a square cross-section. Etching through the thin silicon layer 
results in an opening 1 1 8 on the other side, which is considerable smaller in size. 
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152 can contact n-type regions 150. By detecting current flowing between the four drain 
regions formed by n-type regions 150 and the source region (not shown), the spatial 
orientation of the bases on the DNA strand passing through opening 152 can be detected. 

Figure 18 is a cross section of a nucleic acid sequencing device 160 according to 
another embodiment of the present invention. Similar to nucleic acid sequencing device 102, 
160 includes a silicon substrate 162, a silicon dioxide layer 164, an n-type region 166 
implanted in p-type silicon 168, and a second n-type region 170 implanted in p-type silicon 
168. Nucleic acid sequencing device 160 further has an opening 172 passing therethrough. 
The opening can be cylindrical, or can be a V-shaped or .funnel-shaped opening as described 
above. A silicon dioxide layer 174 covers p-type silicon layer 168, n-type region 170 and n- 
type region 166 as shown, and decreases the diameter of opening 172 in the manner described 
above. An opening is etched into silicon dioxide layer 172 to allow a lead 176 to be attached 
to n-type region 170. Another lead 176 is also attached to an exposed portion of n-type 
region 166, so that a voltage source 178 can apply a potential across the drain region 180 
formed by n-type region 170 and source region 182 formed n-type region 166. The nucleic 
acid sequencing device 160 can thus be used to detect the bases of a DNA strand 182 in a 
manner described above. 

Figure 19 illustrates a DNA sequencing system 186 according to another embodiment 
of the present invention. System 186 includes a multi-layer nucleic acid sequencing device 
188 which, in this example, comprises three MOSFET-type devices stacked on top of each 
other. That is, device 188 includes a silicon substrate 190 similar to silicon substrate 122 
described above. A silicon dioxide layer 192 is present on silicon substrate 190. The device 
188 further includes an n-type doped silicon region 194, a p-type silicon dioxide region 196, 
an n-type doped silicon region 198, a p-type silicon dioxide region 200, an n-type doped 
region silicon region 202, a p-type silicon dioxide region 204 and an n-type doped silicon 
region 206. Regions 194 through 206 are stacked on top of each other as shown explicitly in 
Figure 19. However, as can be appreciated by one skilled in the art, the polarity of the layers 
can be reversed for this embodiment, and for any of the other embodiments discussed herein. 
That is, the device 188 can comprise a p-type doped silicon region 194, an n-type silicon 
dioxide region 196, a p-type doped silicon region 198, and so on. 

Additionally, a thin silicon dioxide layer 208 is formed over the layers as illustrated, 
and is also formed on the walls forming opening 210 to decrease the diameter of opening 210 
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means of voltage sources 1 1 7 and 1 2 1 , and creation of a pressure differential in the container 
108 can be used to move the nucleic acid strands 111 in a horizontal direction along the 
surface of the device over the grooves 228. The bases in the nucleic acid strands create an 
image charge channel 230 between the drain and source regions which allows current to flow 
between the drain and source regions. The current induced in the nucleic acid sequencing 
device by the bases can be measured in a manner similar to that described above. 

Again, it is noted that the device 226 differs from the other embodiments represented 
in Figs. 1, 17 and 19 in that the channel 230 containing the image charge is horizontal rather 
than vertical. The structure no longer contains an opening 1 18 as in the device 102 shown in 
Figs. 1, 17 and 19, but rather this embodiment contains a charge sensitive region just above 
channel 230. Similar to Figure 1, the external electrodes 113 and 115 are used to apply an 
electric field which steers the nucleic acid strands 1 1 1 towards or away from the charge 
sensitive region. That is, the motion of the nucleic acid strands 1 1 1 is controlled by applying 
a voltage to the external electrodes 113 and 115 relative to the voltage applied to the doped 
regions 130. Additional electrodes (not shown) can be added to move the nucleic acid strands 
1 1 1 perpendicular to the plane shown in Figure 20. 

The charge sensitive region of the device is located just above the channel 230 and 
between the two doped regions 130. Identification of individual bases requires that the 
distance between the two doped regions is on the order of a single base and that the motion of 
the nucleic acid strand 1 1 1 is such that each base is successively placed above the charge 
sensitive region. This horizontal configuration enables more parallel as well as sequential 
analysis of the nucleic acid strands 1 1 1 and does not require the fabrication of a small 
opening. Additional surface processing, such as the formation of grooves 228 as discussed 
above that channel the nucleic acid strands 1 1 1 can be used to further enhance this approach. 

The horizontal embodiment shown in Figs. 19 and 20 is also of interest to detect the 
presence of a large number of nucleic acid strands 111. For instance, using an electrophoresis 
gel as the medium, one starts by placing nucleic acid strands 1 1 1 of different length between 
the electrodes 113 and 115. A negative voltage is applied to the electrodes 113 and 115, 
relative to the doped regions 130. The nucleic acid strands 111 will then move towards the 
charge sensitive region. The smaller strands will move faster and the larger strands will move 
slower. The smaller strands will therefore arrive first at the charge sensitive region, followed 
by the larger ones. The charge accumulated in the charge sensitive region and therefore also 
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1 . A system for detecting at least one polymer, comprising: 

at least one semiconductor device having at least one detecting region, adapted to 
detect a charge representative of a component of said polymer proximate to said detecting 
region. 

2. A system as claimed in claim 1 , wherein: 

said component includes a base in a nucleic acid strand; and 

said detecting region is adapted to detect said charge representative of said base in 
said nucleic acid strand. 

3. A system as claimed in claim 1, wherein: 

said detecting region is further adapted to generate a signal representative of said 
detected charge. 

4. A system as claimed in claim 1 , wherein: 

said detecting region includes a region of said semiconductor device defining an 
opening in said semiconductor device having a cross-section sufficient to enable said polymer 
to enter said opening, such that said detecting region is adapted to detect said charge of said 
component in said opening. 

5. A system as claimed in claim 4, further comprising: 

an excitation device, adapted to generate movement in said semiconductor device to 
facilitate movement of said polymer through said opening. 

6. A system as claimed in claim 1, wherein: 

said detecting region includes a region of said semiconductor device defining a recess 
in said semiconductor device, such that said detecting region is adapted to detect said charge 
of said component in said recess. 

7. A system as claimed in claim 1, wherein: 
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• a rtor devicemcludesapluialityofsaiddetectingregions;and 

of said at least one polymer proximate thereto. 

o A system as claimed in claim 1, wherein: 

„ .tor device further includes at least two doped regrons; and 

S3id SemlCOndUCt0r ^ t0 pass a current between said two doped regions in 

said detecting region is adapted to pass a c 
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regions. 



10 . A system as claimed in claim 1, further comprising: 
a plurality of said semiconductor devices. 

said component proximate thereto. 

A , for detecting at least one polymer, comprising the steps of: 
12. A method for detecting A ^ cfms region of at least one 

semicondnctor device; and ^ rf a of ^ 

at said detecting legion, detecting >» t 
polymer proximate to said detecting region. 

n A method as claimed in claim 12, wherein: 

said component inelndes a base in a nucleic add strand; and 
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said detecting step detects said charge representative of said base in said nucleic acid 

strand. 

14. A method as claimed in claim 12, further comprising the step of: 
generating at said detecting region a signal representative of said detected charge. 

15. A method as claimed in claim 12, wherein: 

said detecting region includes a region of said semiconductor device defining an 
opening in said semiconductor device having a cross-section sufficient to enable said polymer 
to enter said opening; and 

said detecting step detects said charge of said component in said opening. 

16. A method as claimed in claim 15, further comprising the step of: 
generating movement in said semiconductor device to facilitate movement of said 

polymer through said opening. 

17. A method as claimed in claim 12, wherein: 

said detecting region includes a region of said semiconductor device defining a recess 
in said semiconductor device; and 

said detecting step detects said charge of said component in said recess. 

1 8. A method as claimed in claim 12, wherein: 

said semiconductor device includes a plurality of said detecting regions; and 
said detecting step includes the step of detecting, at each said detecting region, a 
charge representative of a component of said at least one polymer proximate thereto. 

1 9. A method as claimed in claim 12, wherein: 

said semiconductor device further includes at least two doped regions; and 
said method further includes the step of passing a current between said two doped 
regions in response to a presence of said component proximate to said detecting region. 

20. A method as claimed in claim 12, wherein: 
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,4 Am etood as claimed to claim 23, wherein: 
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creating an opening in said semiconductor structure, said opening having a cross- 
section sufficient to enable a portion of said polymer to pass therethrough, and being 
positioned in relation to said detecting region such that said detecting region is adapted to 
detect said charge representative of said component in said opening. 

26. A method as claimed in claim 25, wherein said opening creating step includes 
the step of: 

forming an. insulating layer on a wall of said semiconductor layer forming said 
opening to decrease said cross-section of said opening. 

27. A method as claimed in claim 23, further comprising the step of: 

creating a recess in said semiconductor structure, positioned in relation to said 
detecting region such that said detecting region is adapted to detect said charge representative 
of said component in said recess. 

28. A method as claimed in claim 23, further comprising the steps of: 

creating at least two doped regions in said semiconductor layer, said doped regions 
being positioned with respect to said detecting region such that said detecting region is 
adapted to pass a current between said doped regions in response to said component of said 
polymer proximate thereto. 

29. A method as claimed in claim 28, wherein: 

said doped region creating step creates said doped regions having a first doping such 
that said doped regions are separated by a portion of said semiconductor layer having a 
second doping. 

30. A method as claimed in claim 28, wherein: 

said doped region creating step creates said doped regions as a stack of doped regions, 
each having a first doping and being separated by a layer having a second doping. 

31. A method as claimed in claim 28, wherein: 
each of said doped regions includes a p-type doping. 
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32 A method as claimed in claim 28, wherein: 
each of said doped regions includes an n-type doping. 
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AMENDED CLAIMS 
[received by the International Bureau on 4 Octobre 2001 (04.10.01); 
original claims 1-32 replaced by new claims 1-45 (7 pages)] 



1 . A system for detecting at least one polymer, comprising 
at least one semiconductor device haying at least one detecting region, adapted 

to passively detect a charge of a component of said polymer proximate to said 

detecting region. 



2. A system as claimed in claim 
said component includes a base in a 
said detecting region is adapted to 
base in said nucleic acid strand 



3. A system as claimed in claim 
said detecting region is further adapted 
detected charge. 



1, wherein: 
nucleic acid strand; and 
detect said charge representative of said 



1, wherein: 

to generate a signal representative of 



4. A system as claimed in claini 1 , wherein: 

said detecting region includes a region of said semiconductor device defining 
an opening in said semiconductor device hLving a cross-section sufficient to enable 
said polymer to enter said opening, such thai said detecting region is adapted to detect 
said charge of said component in said opening. 

5. A system as claimed in claini 4, further comprising: 

an excitation device, adapted to generate movement in said semiconductor 



device to facilitate movement of said polym 



?r through said opening. 



6. A system as claimed in claim! 4 
said opening has a diameter within 



the 



7. A system as claimed in claini 4, wherein: 
said opening has a diameter of about! 1 nox 



8. A system as claimed in cl 



> wherein: 

range of about 1 nm to about 10 nm. 



aim 



1, wherein: 
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• n includes a region of said semiconductor device defining 
detectsaidchargeofsaidco.nponentiusaidrecess. 

o a system as claimed in claim 1, wherein: 

9 ' . • i ju. * Plurality of said detecting regions; and 

each said detecting region is aaapreo w 

regions m response 
region. 

11 A svstem as claimed m claim 1, wherein: 

' ^L ctor device includes a plurality of doped regtons, and a 
said semiconductor aev regions, 

a component proximate thereto, P 
respective pair of doped regions. 

12 A. system as claimed mclahn 1, further comprising: 
aplnrality of said semiconductor devices. 

. n A system as" claimed in claim 1, further comprising: ' 

13. Asybi ^pT-f-d bv said detecting region m 

a detector, adapted to detect a sigaal generated by sat 
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A svstem as claimed in claim 1, wherein: 
14. A systems oaS sively detect said 

i least one semiconductor device is adapted to passi y 
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15. A system as claimed in claim 1, wherein: 

' i 

said at least one semiconductor device is adapted to passively detect a single 
said charge of said component 



16. A system as claimed in claim l a yherein: 

said at least one semiconductor device is adapted to passively detect said 
charge of said component while said components moving. 



17. A method for detecting at least one polymer, comprising the steps of: 

, . . . . 5 

positioning a portion of said polymer proximate to a detecting region of at 
least one semiconductor device; and j 

at said detecting region, passively detecting a charge of a component of said 
polymer proximate to said detecting region. 



18. A method as claimed in claim 17\ wherein: 

said component includes a base in a nucleic acid strand; and 

said detecting step detects said charge representative of said base in said 



nucleic acid strand. 



i 

19. A method as claimed in claim 171, further comprising the step of: 



generating at said detecting region a signal representative of said detected 
charge. i 

i 

J 

20. A method as claimed in claim 17-, wherein: 

said detecting region includes a region of said semiconductor device defining 
an opening in said semiconductor -device having a cross-section' sufficient to enable 
said polymer to enter said opening; and 

said detecting step detects said charge of said component in said opening. 

i 

i 

i 

21. A method as claimed in claim 20!, further comprising the step of: 
generating movement in said semiconductor device to facilitate movement of 

said polymer through said opening. 

22. A method as claimed in claim 2d > wherein: 
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said detecting step detects, at each said respective detecting region, a charge 
representative of a component of said respective polymer proximate to said respective 
detecting region. 

29- A method as claimed in claim 17, further comprising the step of: 
detecting a signal generated by said detecting region in response to said 
component proximate thereto. 

30. A method as claimed in claim 17, wherein: 

said detecting passively detects said charge of said component without a 
portion of said semiconductor device binding with said component or chemically 
reacting with said component 

31. A method as claimed in claim 1 7, wherein: 

said detecting passively detects a single said charge of said component. 

32. A method for manufacturing a device for detecting a polymer, 
comprising the steps of: 

providing a semiconductor structure comprising at least one semiconductor 
layer, and 

creating a detecting region in said semiconductor structure, said detecting 
region being adapted to passively detect a charge of a component of said polymer 
proximate to said detecting region. 

33. A method as claimed in claim 32, wherein: 

said component includes a base in a nucleic acid strand; and 
said creating step creates said detecting region which is adapted to detect said 
charge representative of said base in said nucleic acid strand. 

34. A method as claimed in claim 32, further comprising the step of: 
creating an opening in said semiconductor structure, said opening having a 

cross-section sufficient to enable a portion of said polymer to pass therethrough, and 
being positioned in relation to said detecting region such that said detecting region is 
adapted to detect said charge representative of said component in said opening. 
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35 . ^u^***^*""**"**" 9 

openingto decrease saidcross-sectiauofsaidope^g. 

« AmethodasclatoedindaimS^ whereto: 

36. Amen «f about 1 ran to about 10 nffi. 
said opemnghas a diameter vntbintherange of about 

37 . A method as claimed in claim 34, wherein: 
a diameter of about lnm- 



38 Amefe od as claimed inclaim 32, further comprising^ step of: 

creating a recess m sai ^ 
detecting region such mat said detecting region is adapted 
representative of said component in said recess. 

bating at least two doped region, in said semiconductor layer, -d doped 
creating at leasi r • ch &at sa id detecting 

region is adapted to pass a current between said Cop 
component of said polymer proximate thereto. 

40 A method as claimed in claim 39, therein: 

doping such that said doped regions are separated by po 
layer having a second doping. 

41 AmethodasclaimedinclaimS^wherein: 

, having a 6* *P-g »<■ bd»g Sep-**! *y • '«= 



regions, 
doping 



42. A method as claimed in claim 39, wherein: 
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each of said doped regions includes ap-type doping. 

43 . A method as claimed in claim 39, wherein: 
each of said doped regions includes an n-type doping. 

44. A method as claimed in claim 32, wherein: 

said detecting region is adapted to passively detect said charge of said 
component without a portion of said semiconductor device binding with said 
component or chemically reacting with said component. . 

45. A method as claimed in claim 32, wherein: 

said detecting region is adapted to passively detect a single said charge of said 
component 
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